Yield enhancements can be obtained in the Mississippi Delta by planting irrigated cotton (Gossypium hirsutum L.) during the fi rst week of April rather than the fi rst week of May. Because some late season drought stress is avoided, early planting might also work for dryland production. Objectives were to compare the performance of early and normal planted cotton while grown under both irrigated and dryland conditions. Six cotton cultivars were planted in the fi eld at Stoneville, MS during either the fi rst week of April (Early) Fiber from normal planted cotton was 5% stronger than from those early planted. Both early planting and dryland conditions had a propensity to increase the short fi ber content. Based on the 4 yr of this research, early planting appears to need irrigation to achieve its yield benefi ts, which implies that dryland Mississippi Delta cotton producers should not adopt an early planting production strategy.
H istorically, the hottest and driest periods of the growing season in the Mississippi Delta occur during the latter part of July and on into August (Boykin et al., 1995) . Burke et al. (1988) defi ned an optimal temperature range for cotton to be between 23.5 and 32ºC. Others have found similar results for cotton by using controlled environment chambers (Reddy et al., 1992a (Reddy et al., , 1992b (Reddy et al., , 1999 . However, it is not uncommon for ambient air temperatures to exceed that upper temperature threshold and also for extended periods of low precipitation to occur in the Mississippi Delta during late July and August (Boykin et al., 1995) . Both high temperatures (Pettigrew, 2008) and drought stress (Pettigrew, 2004a) can limit cotton yield productivity.
Th ese two abiotic stresses combined with increasing insect infestations as the growing season evolves makes late July and August a challenging period for cotton producers. Th e boll weevil (Anthonomus grandis) eradication program and the development of transgenic cotton plants containing a gene from Bacillus thuringiensis (Bt) that produces an endotoxin lethal to certain lepidopteran insects has mitigated but not eliminated some of the insect pressure facing cotton producers during the late portions of the growing season. Producers with irrigation capabilities can irrigate to minimize some of the moisture defi cit stress, but there is little that producers can do to reduce the detrimental eff ects from higher temperatures. Unfortunately, all of the tactics for combating these late season abiotic stresses and insect pressure add to the increasing input costs of successfully growing a cotton crop. Minimizing exposure to late seasons stresses is a desirable strategy for producers because in theory it would reduce some of their input costs.
Planting cotton earlier than what has been considered to be the traditional planting window has produced relatively consistent lint yield increases under irrigated conditions in the Mississippi Delta (Pettigrew, 2002; Pettigrew and Adamczyk, 2006; Pettigrew and Meredith, 2009; . Other researchers across the southeastern United States have confi rmed the benefi cial attributes of early planting and the detrimental aspects of late planting (Porter et al., 1996; Davidonis et al., 2004; O'Berry et al., 2008) . Th ese yield advantages with early planting come about partly because of two circumstances. First of all, planting cotton early shift s the peak blooming period closer to the summer solstice. With the longest day occurring on the summer solstice, potentially more sunlight is available for photosynthesis and growth. Lint production from cotton grown in the Mississippi Delta has previously been documented to be limited by the amount of sunlight received during the growing season (Pettigrew, 1994; Pettigrew and Meredith, 1994) . Second, producing blooms earlier in the season allows the early planted cotton to set more of its bolls before the development of the hotter and drier conditions normally associated with late July and August. Th is avoidance strategy requires few inputs on the back end of the growing season.
Th is shift ing of the reproductive growth to earlier in the growing season with early planting led us to hypothesize that the yield benefi ts derived from early planting might be even more advantageous to a dryland production system because of this avoidance strategy. Th erefore, the objective of this research was to determine how cotton growth and development, lint yield production, yield components, and fi ber quality were aff ected by planting the cotton on either an early or normal planting date and growing that crop under either irrigated or dryland conditions. Having multiple cotton cultivars in the mix will allow us to assess whether or not cultivars varied in their response to these diff erent production system combinations. Th e overall experimental design was a randomized complete block with a modifi ed split-split plot treatment arrangement. Irrigation regimes were the main plots, planting dates were the split plots, and varieties were the split-split plots. Th e irrigation regimes were replicated in three blocks. Within each block, there were two replications of planting date for each block × irrigation combination. Varieties were randomly assigned within each irrigation × block × planting date combination. All treatment and varieties were randomly assigned the fi rst year of the study and then remained in their initial location for each subsequent year. Th ese split-split plots consisted of four rows spaced 1-m apart and 18.3-m long. Seeding rates resulted in a fi nal population density of approximately 97,000 plants ha -1 . Recommended insect and weed control methods were employed during each growing season as needed. Each year, the experimental area received 112 kg N ha -1 in a preplant application. Th e experimental area was subsoiled each fall aft er cotton stalk destruction.
MATERIALS AND METHODS
Dry matter harvests were collected during approximately the last week of July each year. Th e aboveground portions of plants from a 0.3 m of row were harvested from one of the two outside plot rows during each dry matter harvest. Th e number of main stem nodes and height were recorded for each plant and the plants were then separated into component samples of leaves, stems and petioles, squares, and blooms and bolls. Leaves were passed though a LI-3100 leaf area meter (LI-COR, Lincoln, NE) to determine leaf area index (LAI). All samples were dried for at least 48 h at 60ºC and dry weight were recorded. Harvest index was calculated as the reproductive dry weight/total dry weight. Dry weights and leaf area of the leaf samples were used for calculating specifi c leaf weights (SLW) .
Th e percentage of incoming photosynthetic photon fl ux density (PPFD) intercepted by the cotton canopies was quantifi ed in each plot during the last week of July each year. Th is percent intercepted PPFD was determined by using a LI 191SB (LI-COR, Lincoln, NE) line quantum sensor placed on the ground perpendicular to and centered on the row, and by using a LI 190SB point quantum sensor positioned above the canopy. Two measurements were collected in each plot with the average of the two used for statistical analysis. All measurements were collected between 1230 h and 1500 h CDT with all the above canopy readings ≥1600 μmol m -2 s -1 .
Beginning with the early onset of blooming, the number of white blooms (blooms at anthesis) produced per plot were counted on a weekly basis until the rate of blooming had essentially stopped. Counts were taken on a 6.1-m section of row from one of the inner plot rows. Th e number of main stem nodes above a sympodial branch with a white bloom occupying the fi rst branch fruiting position (NAWB) was also determined weekly on three randomly selected plants per plot. Th e NAWB data documents the reproductive progression up the main stem as well as crop maturity. Bloom counts and NAWB data were collected every year of the study. Defoliation was initiated on all the plots when approximately 65% of the bolls had opened in the normal planted plots, usually early-to-mid September each year. A mixture of tribufos and ethephon were used to defoliate the crop and open the remaining unopened bolls. Approximately 2 wk aft er defoliation, a 50 boll sample was hand harvested from one of the inner plot rows of each plot for yield component determination. Aft er collection of the 50 boll samples, the inner two plot rows for all plots were mechanically harvested using a spindle picker with a weighing system to determine seed cotton yield. Boll mass was determined from the 50 boll samples by dividing the weight of the seed cotton for the sample by the number of bolls harvested. Th e 50 boll samples were ginned to determine the lint percentage of each plot, which was used to calculate the lint yield from the mechanically harvested seed cotton. Number of bolls per unit ground area was calculated from the boll mass and total plot seed cotton weights. Average seed mass was determined from 100 nondelinted seeds per sample and reported as weight per individual seed.
Lint from each ginned 50 boll sample was sent to Starlab Inc. (Knoxville, TN) for fi ber quality analyses. Fiber strength was determined with a stelometer. Span lengths were measured with a digital fi brograph. Length uniformity was determined by HVI instrumentation. Micronaire was determined with a micronaire device. Fiber maturity and perimeter were calculated from arealometer measurements. A second lint sample was also tested for various fi ber quality traits using the Advanced Fiber Information System (AFIS) (Zellweger Uster Inc., Knoxville, TN).
Statistical analyses were performed by analysis of variance (PROD MIXED; SAS Institute, 1996) . Because all irrigation, planting date, and cultivar treatments remained in their original location each year of the study, years were treated as a repeated measure type of subunit when conducting a combined analysis across years. For traits where year interacted with irrigation or planting date and environmental eff ects associated with the year were identifi ed, the results were presented by year. Irrigation, planting date, and variety means were averaged across years and each other when statistically important interactions were not detected. Means were separated by use of a protected LSD at P ≤ 0.05.
RESULTS AND DISCUSSION
Th e 4 yr during which this research was conducted represented four very distinct growing environments (Table 1) . While the early half of 2005 experienced relatively dry conditions, the harvest season that year was most noted for the two tropical systems (Hurricanes Katrina and Rita) that impacted the area. Th e weather during the 2006 growing season might be considered were quite hot and dry, but September of that year recorded an extraordinarily high amount of precipitation because of the impacts from Hurricane Gustav. Th ese diverse growing conditions across the years provided a good situation for testing the hypothesis that early planting would be even more benefi cial under dryland conditions than it already has been shown to be under irrigated conditions. Analysis of variance indicates signifi cance among the main eff ects for the traits of lint yield and the yield components (Table 2) . Years also strongly interacted with irrigation regimes, planting dates, and the planting date × irrigation regime interaction. Most of these data were therefore presented by year. Cultivar did not signifi cantly interact with planting date or irrigation regime for most of the traits and when it did, the f values were generally small relative to the f values for the main eff ects. Th erefore, planting date and irrigation means were averaged across cultivars. In general, similar responses were observed for the dry matter partitioning, canopy light interception, bloom counts, NAWB, and fi ber quality data.
In 3 out of the 4 yr, plots planted during the normal planting date were 8% taller than the early planted plants during the late July dry matter harvests (Table 3) . Th is plant height data contrasts with the number of main stems, where in general, the early planted plants averaged about one more main stem node than the normal planted plants, resulting in a reduced height to node ratio for the early planted plants. Leaf area index diff ered between planting dates only in 2006 when the early planted plants had a 19% greater LAI than the normal planted plants. Similarly, no diff erences were detected in canopy PPFD interception between planting dates for any of the study years. In 2 of the 4 yr (2005 and 2008) , the leaves of the early planted plants had a 7% greater SLW than the normal planted plots. Early planted plants had produced 30% more total dry matter with a 88% higher harvest index than the normal planted plants, indicative of the advanced reproductive development of the early planted plots at this time of the growing season. Th ese dry matter partitioning responses to the varying planting dates were similar to those reported earlier (Pettigrew, 2002; Pettigrew and Adamczyk, 2006; Pettigrew and Meredith, 2009 ) Th e prominent dry matter partitioning response to irrigation was to produce plants with a more robust stature and that were able to intercept more of the incoming solar radiation (Table 3) . Plants in the dryland treatment were 24% shorter, with 10% fewer main stem nodes, produced a 33% lower LAI, and intercepted 18% less PPFD than plants in the irrigated treatment. Th e only year this trend was not observed was in 2007 when the July precipitation accumulated to almost 20 cm. Specifi c leaf weights were 20% greater for the dryland plants in 2005 and 2006 , but no diff erences were detected between the irrigation regimes in 2007 and 2008. Similar cotton dry matter partitioning responses to drought have been reported previously (Pettigrew, 2004b) .
Bloom counts and NAWB data for the various planting dates were similar to those reported earlier (data not shown) (Pettigrew, 2002; . Th e earlier planted plots started blooming earlier, reached peak blooming earlier, and entered cutout (NAWB = 5) (Bourland et al., 1992) earlier in the growing season than the normal planted plots. Few diff erences in the rate of blooming between the irrigation regimes were observed early in the growing season, but plots that received the irrigation sustained that blooming for a longer duration than the dryland plots ( Fig. 1 and 2) . Th e NAWB data usually were initially lower for the dryland plots relative to the irrigated, and that gap widened as the growing season progressed (Fig. 3 and 4) . Th e only year when these irrigation regime trends in the bloom count and NAWB data did not manifest themselves was in 2007 due to the excessive precipitation during July.
Signifi cant year eff ects were detected for the main eff ect means of planting date and irrigation regime. Part of this year response may be explained by the high winds and precipitation associated with Hurricane Katrina during the 2005 harvest season. Th is tropical weather event occurred before harvest, knocking seed cotton out of the open bolls and onto the ground, which diminished any irrigation or planting date eff ect and further compromised the overall quality of the yield and yield component data that year (Table 4) . Diff erences in irrigation applications among the years might have also contributed to this signifi cant year response. In 2006, early planting increased the lint yield by 8% above that produced with normal planting. Th e principle yield component responsible for this yield increase was the 5% increase in boll mass observed with early planting. No diff erences in lint yield were observed between planting dates in 2007, but in 2008, the early planting yielded 15% less than the normal planted. Fift een percent fewer bolls produced per unit ground area was the primary alteration of the yield components responsible for the yield decline associated with early planting in 2008.
Ignoring the hurricane compromised yield data from 2005, irrigation increased lint yield by 55% during the remaining 3 yr of the study. Th e production of 46% more bolls per unit ground area was the principle reason for the lint yield increase caused by irrigation. A 10% larger boll mass with irrigation also contributed to the irrigation yield increases in 2006 and 2008. Th is larger boll mass is due to the irrigation increasing the seed mass by 6% for those 2 yr.
Behind the main eff ect response for irrigation and planting date, there existed a strong planting date × irrigation regime interaction for lint yield (Tables 2 and 5 ). Irrigation always increased lint yield regardless of the planting date, with the exception of the yield compromised data from 2005 when irrigation had no eff ect. Early planting increased lint yield by 13% in both 2006 and 2007, but only under irrigated conditions and not dryland conditions. In contrast, lint yield was reduced by 35% with early planting in 2008 under dryland conditions, but not with irrigation. It appears that early planting needs irrigation in this environment to achieve any yield benefi ts. Because all irrigation treatments were applied to both planting dates at the same time and in the same amount, diff erences in the optimal scheduling of the irrigation applications with respect to the individual planting dates cannot be ruled out as a contributor to this signifi cant irrigation × planting date interaction.
Averaged across all 4 yr of the study, fi ber from the early planted plots was 5% weaker than fi ber from the normal planted (Table 6 ). Th is weaker fi ber with the early planting also exhibited an 8% reduction in the fi ber elongation during 2006 and 2008. Th e 2.5 and 50% span lengths were reduced by 5 and 6%, respectively in 2008 by early planting. Planting date, on the other hand, had no eff ect on either span length for any of the other years of the study. Fiber from the early planted plots also had a length uniformity that was reduced by approximately 1% in 2006 and 2008 relative to the fi ber from the normal planting. Irrigation had little eff ect on fi ber strength or elongation with the exception of the year 2008. In that year, irrigation increased fi ber strength by 6% and fi ber elongation by 9%. Irrigated fi ber tended to have longer span lengths than the dryland fi ber. Th e 2.5% span lengths were 4% longer with irrigation in 2006-2008, but in 2005 the 2.5% span length did not diff er between irrigation regimes. Irrigated fi bers had a 5% greater 50% span length in 2006 and 2008, but not in the other years of the study. Th e fi ber from the irrigated plots consistently was 1% more uniform in length for every year of the study than the dryland fi ber.
A signifi cant irrigation regime × planting date interaction was observed for the fi ber traits: micronaire and fi ber maturity (Table 7) . Fiber perimeter was not aff ected by either planting date or irrigation. Th ere was no signifi cant diff erence between planting dates within irrigation regimes in either 2005 or 2007. In 2006, early planting increased micronaire by 8% under irrigated conditions but not dryland. In 2008, early planting also increased micronaire by 8% under irrigated conditions, but under dryland conditions, early planting decreased micronaire by 10%. Fiber maturity closely mirrored the micronaire response and was the dominant component determining fi ber micronaire. Delaying the defoliation of the early planted plots until the normal planted plots were ready probably contributed to the increased micronaire and fi ber maturity seen under irrigated conditions. Th ese fi ber traits were not increased by early planting under dryland conditions because the water defi cit stress encountered accelerated the maturity and crop termination before the defoliation (Pettigrew, 2004a) . Although there were diff erences between iririgation regimes within planting dates for fi ber micronaire and maturity, no consistent trends could be pulled out of the data Many of the fi ber traits analyzed by AFIS instrumentation also exhibited a signifi cant irrigation regime × planting date interaction (Table 8) dryland conditions an average of 36% in 2008. Dryland conditions always increased the short fi ber content when the crop was planted early in 2006 thru 2008. Under normal planting conditions the short fi ber content was only increased by dryland conditions in 2007. Th e general trend appears to be that early planting and dryland conditions have a propensity to elevate the short fi ber content. Th e fact that the trends for short fi ber content closely followed those for length is not surprising because the length uniformity trait is thought to be an indirect estimate of the short fi ber content. Th e main eff ect irrigation and planting date responses for many of the growth and development traits were similar to those previously reported (Pettigrew, 2002 (Pettigrew, , 2004a . With the exception of some minor timing and maturity issues, the irrigation regimes and planting dates did not alter the response of each other during early growth. Because of the approximately 1 mo diff erence between planting dates, the early planting was able to reach all developmental stages and complete the crop earlier than the normal planting, even though the early planting was exposed to reduced thermal unit accumulation during and immediately aft er emergence (Table 1) . Irrigation allowed the plants to sustain the vegetative and reproductive growth for a longer duration during the growing season, contributing the yield increase from irrigation. Th e interactions between irrigation and planting date did not obviously manifest themselves until yield, yield components, and fi ber quality traits were determined.
Th e yield data set collected during this research does not support the hypothesis that early planting would be even more benefi cial under dryland conditions than has already been demonstrated under irrigated conditions. Th e signifi cant yield reduction seen with the early planting main eff ect in 2008 was almost solely attributable to the 35% yield reduction with early planting under dryland conditions because the yields of the individual planting dates did not diff er that year under irrigated conditions. Similarly, the yield increases caused by early planting under irrigated conditions in 2006 and 2007, did not occur with dryland production. During this 4-yr period, planting the crop early into a dryland situation was not a fruitful venture. Much of these yield responses can be explained by a close examination of the weather data (Table 1) . Th e excessive yield reduction associated with early planting and dryland conditions in 2008 can be attributed to the extremely hot and dry conditions during June and July of that year, which hurt the early planted dryland crop, combined with the ample precipitation during August of that year that benefi ted the normal planted crop. Historically, June is a wetter month than either July or August at Stoneville, MS (Boykin et al., 1995) but in 3 of the 4 yr of this study June had less total precipitation than July, and in 2 of the 4 yr also less rainfall than August. While avoiding late season abiotic stress is still clearly part of the reason that early planting is oft en able to provide a yield boost, the ability to produce and set bolls during the longer daylengths and additional sunlight of June and early July, assuming adequate moisture is available, may be the more important aspect of early planting.
In conclusion, while early planting did deliver yield increases during 2 of the 4 yr under irrigated conditions, it did not achieve these benefi ts during any year under dryland conditions and actually suff ered a yield loss under dryland conditions 1 yr. During the 4 yr of this research, early planting clearly needed the irrigation to achieve its yield benefi ts. Th is attribute would seem to imply that Mississippi Delta cotton producers operating under dryland situations should avoid adopting an early planting production strategy. However, if weather patterns for the Mississippi return to their historic norms where the June precipitation is greater than that of July and August, then dryland cotton producers may also be able to obtain lint yield increases by planting early.
